9300, 85%0 and 68%. This difference is statistically significant from the fifteenth year of follow up onwards. The survival of patients operated on before the age of 20 is not significantly different from that of a comparable general Italian population. Recoarctation occurred in only 8% of patients who had end to end anastomosis, whereas it occurred in 35% of those who had other types of operation. Two thirds of the patients were hypertensive at the last visit. The actuarial curve shows that blood pressure was normal in most patients 5-10 years after operation, but 30 years after coarctation repair only 32% of patients are expected to be normotensive.
Thus early repair of aortic coarctation appears to improve long term survival. Intervention in older patients and when blood pressure is high seem to be the most important predictors of late hypertension.
Forty years after the first successful operation for the relief of aortic coarctation' there is still controversy about the optimal age and the most suitable technique for the repair of this anomaly.2`4 Long term morbidity and mortality remain high, with complications and deaths being mainly the result of associated cardiovascular lesions, infective endocarditis, and residual or recurrent coarctation and hypertension.' 7 We have analysed the long term results of a large group of patients operated on in our institution 15 The type of surgical repair seemed to affect late survival. Only 6 3% of the patients who had had end to end anastomosis died, whereas 23% of those who had had other kinds of operation died (p < 0-01). In patients aged > 20 years at operation, 10% of those who had an end to end anastomosis and 36% of those with other kinds of operation died (p < 0 05); thus the type of operation remains an important additional independent risk factor even in patients who were older at operation.
The distribution of age adjusted mortality rate ( fig  1) shows that most late deaths after the intervention occurred between the fourth and the fifth decade; in Campbell's study mortality rates reached a peak two decades earlier in patients with coarctation that was not treated by surgical repair. '4 40 35. There was clinical and echocardiographic evidence of mitral regurgitation in four; in two of them it was due to a mitral valve prolapse. A small ventricular septal defect was detected in two patients and another patient (aged 56) has a ventricular septal defect with a 2 8:1 shunt and is awaiting operation. In all cases the defects were perimembranous.
Two of three patients with discrete subaortic stenosis were operated on seven and nine years after coarctectomy. One had an additional supravalvar aortic stenosis relieved at operation. In the second patient a bicuspid aortic valve and an aneurysm of the perimembranous septum were also found at operation. In the third patient, who was not operated on, the stenosis was discovered by cross sectional echocardiogram 17 Figure 5 shows the actuarial curve for the presence of hypertension. Blood pressure was normal in most patients seen 10 years after operation, but later hypertension gradually became more frequent. Thirty years after coarctation repair only 32% of the patients are expected to be normotensive. Late hypertension was less common in patients operated on at younger ages (<20 years), but this difference was statistically significant only in the period between 15 and 25 years of follow up. The number of patients with a longer follow up was, however, small.
Because the incidence of hypertension in our population seemed to increase with the length of the follow up and therefore with the age of the patients, as it does in the general population, we compared the prevalence of hypertension in our population with that of the general Italian population for each decade.9 In the patients who had surgical repair hypertension was more than 1 34 times more common than would be expected in the general Italian population (X2 = 4-5, p < 0-05). We also found that the standardised ratio for hypertension was Presbitero, Demarie, Villani, Perinetto, Riva, Orzan, Bobbio, Morea, Brusca likely to become hypertensive than the general Italian population. Hence the difference between the two curves in fig 5 is due not only to the fact that one group of patients is older, but also to the fact that surgical repair was performed.
Patients with higher preoperative blood pressure had a tendency to have late hypertension. To assess this effect we examined preoperative and present blood pressure levels in the 97 patients in whom both were available after excluding patients with recoarctation. Hypertension was less common (25%) at the last postoperative examination in patients with a preoperative blood pressure of < 200 mm Hg than it was in those in whom the preoperative blood pressure was > 200 mmHg before operation (60%) (p < 0-01).
Multifactorial analysis (log linear model) shows that in patients with late postoperative hypertension there is a positive correlation with high preoperative blood pressure and with an older age at operation. This means that a patient who is > 20 at operation with a very high blood pressure will have little chance of becoming and remaining normotensive after the operation. The goals of operation in aortic coarctation are prolongation of life and relief of symptoms, including normalisation of blood pressure. Our data confirm that life expectancy was significantly higher in our patients than in those who were not operated upon; however, it remains lower than in the general Italian population (fig 4) . The shorter life expectancy after an apparently successful repair in our series was mostly the result of cardiovascular causes. Premature coronary artery disease, congestive heart failure, and cerebrovascular accidents, which were probably related to congenital aneurysms of brain arteries, were the commonest causes of death.
Except for ischaemic heart disease, the causes of death in our patients resembled those reported by Campbell in a series of patients with coarctation that was not treated by surgical repair.14 IS AGE AT THE TIME OF OPERATION IMPORTANT?
Age at operation does not seem to influence survival during the first 15 years of follow up (fig 2) . Afterwards life expectancy is significantly lower than in the general population in those in whom the operation was performed after the age of 14. Furthermore, all but one of our patients who died because of coronary artery disease were older than 20 at the time of coarctation repair.
No patients operated upon after the age of 35 died. Patients who survived to be operated on after 35 may have had the mildest form of the disease. The small number of such patients precludes any firm conclusion, however.
The three main problems encountered in patients operated on for coarctation were associated anomalies, recoarctation, and late hypertension.
ASSOCIATED ANOMALIES
A bicuspid aortic valve is common in patients with aortic coarctation. Careful follow up is necessary in these cases because clinically important aortic stenosis and insufficiency may develop. An important aortic valve lesion, which may have been related to the presence of bicuspid aortic valve, was found in about 10% of the patients. Some required operation.
Serious coronary heart disease seems to be common in our patients despite their youth. It was the commonest cause of late death. We cannot say whether coronary artery disease in such patients develops because of residual hypertension or because of associated anomalies.
Ventricular septal defect, mitral insufficiency, and dilated cardiomyopathies are rare. In the individual cases, however, these conditions can influence late outcome.
RECOARCTATION
As reported elsewhere'1 19 recoarctation was not a major problem in patients who were > 4 years old if they had an end to end anastomosis (8%). Recurrences were rather common (35 %), however, in those in whom different operative techniques (Clagett, prosthetic tube) were used. Such techniques are now seldom used.
LATE HYPERTENSION
About 30% of our patients had hypertension after coarctation repair. This figure is similar to that reported by others.2 3" 20 Hypertension is often associated with the development of recoarctation and its cause remains unknown. It is more frequent in patients operated upon after the age of 20 and it may appear 10-15 years after an apparently successful repair. This is not solely due to the normal aging process, since the percentage of cases with arterial hypertension in patients with a successfully operated coarctation is higher than in the general population of the same age.
From our data it also appears that a high preoperative blood pressure predisposes the patient to the development of hypertension. Our patients were operated on between 1954 and 1969 and preoperative investigations were, therefore, limited; no intracardiac pressure measurements, no coronary angiography, no echocardiography, and only few aortograms were performed. The diagnosis of coarctation was always confirmed at surgery, however.
Not all patients had an annual examination; however, at least one intermediate blood pressure measurement was available and the time that hypertension reappeared could be determined with confidence. Furthermore, our own evaluation was mainly conducted on clinical grounds; invasive investigations were confined to patients in whom we suspected complications or additional anomalies or both. Not all patients had an echocardiographic examination. Our study group included 25 patients who "had operations (mainly Clagett's procedure) that have subsequently been abandoned.
Conclusions
A successful coarctectomy prolongs life. The benefits of the operation are, however, limited by age and severe hypertension at operation, and by associated anomalies and premature coronary artery disease. Recoarctation is uncommon but the incidence of unexplained recurrent hypertension is high.
We thank Professor A Dato who operated on most of the patients we reviewed.
